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ABSTRACT 

The heavy lepton cascade interpretation of neutrino-in- 

duced multimuon events also yields events with electrons which 

can be identified in bubble chamber experiments. me study processes 

giving rise to single electron events, dilepton p-e+,u-e- events 

and trilepton ppe, pee events. Rates are presented for different 

quark transitions. We give results for distributions and also 

discuss the background reaction ve + N + e- + X caused by conta- 

mination of the muon-type neutrino beam by electron-type neutrinos. 
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I. INTRODUCTION 

The observations of neutrino-induced trimuon events in the Caltech-Fermi- 

lab (CF),l Fern&lab-Harvard-Pennsylvania-Rutgers-Wisconsin (FHPRW): and CERN- 

Dortmund-Heidelberg-Saclay (CDHS)3 counter experiments at Fermilab and CERN 

have prompted numerous speculations concerning the origin(s) of these events. 

One of the viable explanations, namely the production and subsequent cascade 

decay of heavy leptons, has been studied at some length by the present 

authors 
4 

and independently by Barger, et al. 5 , who calculated distributions 

in good accord with the experimental findings. The relatively high event 

rate can be understood in models which are based on gauge groups6 larger 

than the standard Weinberg-Salam model, such as SU(3sU(l)or SU(2) @SU(Z) 

@U(l). This interpretation allows a simple extension to semileptonic modes 

to explain the same-sign dimuon events. 7 The opposite sign dimuon events, on 

the other hand, arise primarily from the decay of singly-produced charmed 

particles.8 

Other possible explanations for the trimuon events have been proposed: 

associated production of charm in the port& model with each charmed particle de- 

caying semileptonically into muons; 9 diffractive production of a pair of 

charmed particles followed by their semileptonic decay; 10 or production of a 

heavy neutral M" lepton in association with a d+b quark transition at the 

hadronic vertex with the bottom flavored hadron decaying senileptonically 

into a muon and with the M" decaying leptonically into a muon pair and a 

neutrino.11 

One would like to test these ideas further by comparing dilepton u!e 
. 

events and trilepton !-We and Pee events with the predictions of these models. 

Neutrino and antineutrino induced pe events have been observed in bubble chambers 

by the CERN Gargamelle group, 
12 groupiat Brookhaven 13 and Argonne 13 , 
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as well as the Fermilab-IHEP-ITEP-Michigan (FIIM),14 

Wisconsin - Berkeley - CERN - Hawaii 15 and Columbia - Brookhaven - Fermilab 

CCBF) l6 collaborations at Fermilab, but no trilepton candidates have been 

seen to date. Unlike the same-sign dimuon and trimuon events, observation 

of both muons and electrons allows one to distinguish leptons emitted at the 

different vertices in the chain decays. In this paper we shall focus our 

attention primarily on distributions for the lepton cascade model but make 

comments where appropriate regarding the other models. 

If the heavy lepton cascade interpretation proves to be inherently cor- 

rect, it will be of special interest to test for the presence of neutral- 

current (flavor-changing) couplings as well as the charged-current ones. 

Also the question must be settled whether the quark transition at the hadron 

vertex is of the light-to-light or light-to-heavy quark variety. This can 

be determined by studying the energy distributions for the emitted hadrons 

and leptons as well as the visible energy distributions for a given neutrino 

beam configuration. If only light-to-heavy quark transitions can take place 

at the hadron vertex, the observed distributions will exhibit delayed thresh- 

hold features.4 

In what follows, we shall first investigate in Sec. II the production 

process VU +N+M-+X for a 5 - 8 GeV/c2 heavy lepton. For this purpose we 

shall fold the production cross section with the 400 GeV double-horn 

spectra used by the CBF collaboration at Femilab since this group has by far 

the greatest statistics on the pe events. We then compare predictions for 

single electron events arising from the decay ?I- + v + e- + ce with those 
u 

for ve + N -f e- + X evenrs arising from the Ve background component in the 

" If bean. 
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In Sec. III we study briefly opposite-sign dilepton processes yielding 

-+ 
Pe. 

-+ 
These are identical to the II p results in Ref. 4, except for the 

different neutrino spectrum used in the flux-averaging. In Sec. IV the 

v-e- results are presented in more detail, since the identity problem does 

not exist here as was the case for the u-p- events. Reactions giving rise 

to trilepton events are studied in Sec. V, and our conclusions are given in 

sec. VI. 

. 
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II. SINGLE ELECTRON PROCESSES 

Our starting point is the production process 

vp+N+M-ix 

end its counterpart 

+ ;ufN+K +X 

(2.W 

(2.lb) 

for which cross section curves were presented in our previous work4 in 

several phenomenological models involving light-to-light and light-to-heavy 

quark transitions with both V - A end V + A currents. It is of interest 

to fold in the neutrino spectra for the focussing-horn beams used in the bubble 

chamber experiments so as to compare the event rate curves directly with those 

presented in Figs. 6 and 8 of Ref. 4 for the quadrupole-triplet u (end ;) 

beam used by the FKPRIJ counter group. In Fig. 1 we give the energy dependence 

of ox flux for the double horn setup used by the CBF neutrino group, while 

in Fig. 2 we give the predicted production rates for the double horn with plug 

setup used by the F1.W antineutrino group. As in'Ref. 4, 

the heavy lepton production curves apply for a heavy lepton of mass 8 GeV/c2 

and are labeled according to the convention introduced there. Curve (a) refers 

to a full-strength V - A interaction which couples d to u quarks through the 

conventional W+ field. Curves (b) and (c) refer to V - A, V + A coupling of 

d to c quarks with quark mass mc = 1.5 GeV/c2 and physical threshold mass 

MC =2.25 GeV/c2 . Curves (d) and (e) refer to V - A, V + A coupling of d to t 

quarks with quark and physical threshold masses of mt = 4 GeV/c2 and 

I$ = 5 GeV/c*, respectively. Also shown in Fig. 1 is the expected ve+N+e-+X 

event rate arising from the ve background flux in the v 
u 

beam. 
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Since the horn spectra are much softer than the beams from the quadrupole- 

triplet target train, the secondary peak in the single muon inclusive channels 

arising from kaon neutrinos in Figs, 6 and 8 of Ref. 4 are reduced to shoulder 

effects in Figs. 1 and 2. The peak M- event rate is at most 1% of the peak 

single p- inclusive rate; in the antineutrino channel (Z.lb), the number 

is even smaller, being ;0.3%. In contrast, with the quadrupole-triplet 

target train, the corresponding ratios are 5% and 2%, respectively. 

In Table I we give the flux-averaged cross section ratios 

< (J (v p+N+M-+X) > 

RV = 
<u (vM+N*-+X) > (2.W 

3 R ;; 
<u (TV +wM++x) > 

a $+N+u++X) ' , (2.2b) 

for the different production mechanisms involving d-u, d-w and d+t quark 

transitions with both full-strength V - A and V + A couplings at the hadron 

vertex. We have excluded the cross section below Ebeam= 10 GeV, even though 

this is a small effect. Masses of 5 and 8 GeV/c' are chosen for the heavy 

lepton with quark and physical threshold masses as given earlier in this Section. 

It is seen that the ratios depend sensitively upon the model chosen, as is 

also clear from Figs. 1 and 2. Changing the mass from 8 GeVfc2 down to 5 GaVjc2 

enhances the ratios by a factor of 4 to 10, In any case, since the event 

+ . rate for antineutrino production of M 1s much suppressed by the rapidly falling 

; flux spectrum above 100 GeV, we shall concentrate on the neutrino processes 

in the following. 

Once produced, the M- heavy lepton can decay into a number of different 

channels which are enumerated in Ref. 4. Here we are interested in the single 
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electron decay mode 

M- -t vp + e- + Ve ' (2.3) 

We estimate the branching ratio for this decay mode to be in the range 10% - 

15% depending upon the model. It is possible, however, that this decay mode 

is strictly forbidden in lowest order in a gauge model where the (M-vv) and 

(e-v ) pairs cannot be coupled by the same gauge field. If (2.3) can take 
e 

place, the (2.la) production and (2.3) decay processes lead to the observed 

reaction 

vp + N+e- + hadrons + neutrinos (2.4) 

which competes with associated production of charm by the neutral current 

process 

Vu-kN+V 
!J 

+ xc + x- 

Cho drons 

L+ xte- + ce ' 

with the Mo heavy lepton hypothesis 

VL i-N +M" + 

i+,-+; e 

(2.5) 

(2.6) 

and (more importantly) with events of the type 

ve+N+e-+X (2.7) 

arising from the ve background flux. By comparison of energy, angle, xi and 

y-distributions, one can hope to discriminate the ~(2.4) process from the other 

reactions (2.5) - (2.7). In making the comparisons, we shall include the 

experimental cut imposed in the CBF experiment which requires 
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pe P I GeV/c (2.8) 

and flux average with the CBF 400 GeV double-horn spectrum, 

Before we give results of actual calculations we would like to make some 

estimates of the energies of the electrons produced in reactions (2.4) - (2.7). 

The heavy lepton in reaction (2.4) takes on the average 2/3 of the available 

energy when it is produced. During the decay process the energy is shared 

approximately equally among the decay products so on the average the final 

electron receives roughly 2/9 of the average beam energy. In reaction (2.7) 

it is well-known that the average energy of the electron is l/2 of the average 

beam energy. The other reactions can be distinguished because they yield much 

slower electrons. In (2.5) it is unlikely that the average energy of the Xc 

is larger than l/3 of the bean energy. Also the quark (or hadron) only takes 

a fraction of this energy (l/2 is a rather optimistic number which we adopt 

for illustration) so that the final e- energy is only 6 l/l8 of the 

beam energy. Similarly the heavy M" takes approximately 213 of the total 

energy leaving only l/3 for the Xc so we again expect the final e- energy to 

average around l/l8 of the total. Hence we expect fast electrons to come from 

reaction (2.7) with slower electrons coming from (2.4) and finally rather slow 

electrons from (2.5) and (2.6). 

Reaction (2.5) does not involve heavy leptons and will not be discussed 

further. We have examined the distributions from the neutral current reaction 

(2.6), which are similar to the distributions in the analogous charged 

current reaction 

(2.9) 
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However, because the rate for the neutral current reaction is expected to 

be smaller than the corresponding rate for reaction (2.4), we will mainly 

concentrate on the differences between reactions (2.4) and (2.7). A study 

of single muon inclusive distributions is presently being prepared and will 

contain a more elaborate discussion of the differences between the models, 

In Figs. 3 and 4 with a M- mass of 8 GeV/c' and 5 GeV/c2,respectively, 

we present the energy distributions for the electron, the hadrons, the 

visible energy and the trwa(but unmeasurable) total energy. Here we have 

chosen a d+u V - A current quark transition at the hadron vertex. In Fig. 5 

a similar graph is presented for a 5 G&'/c 2 M- heavy lepton but with a 

d+t quark transition with a V - A currentS Changing to a V + A current 

at the hadron vertex alters the energy distributions very little. For 

comparison, in Fig. 6 we show the relevant energy distributions for the v 

background reaction (2.7). 

I? 

The Ee distribution for an 8 GeV/c2 M- is considerably broader than 

for a 5 GeV/c2 M-, since more energy is available to the electron; however, 

for a 5 GeV/c2 M- produced in a reaction leading to a light-to-heavy quark 

transition, the Es distribution is broadened somewhat relative to that for 

a light-to-light quark transition due to the larger threshold energy required 

for the reaction (2.1). The electron energy distribution for the ve reaction 

is most similar to that in Fig. 5. 

The hadron energy distribution is peaked near 20 GeV in Digs. 3,4 

and 6 and falls most rapidly for reaction (2.7). For Fig, 5 corresponding 

to the d-tt transition, however, the peak occurs around 60 GeV and is 

noticeably broader than for the other cases considered. The visible energy 

distributions for the Ve background reaction (2.7) and for the 5 GeV/c' >I- 

in Fig. 4 peak near 40 GeV and are skewed in appearance. For the other two 
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cases illustrated in Figs. 3 and 5, the visible energy distribution peaks near 

85 GeV and is more symmetrical in shape. On the basis of the energy distri- 

butions shown,we see that a 5 GeV/c2 M- with d-*u transition most nearly mimics 

the ve process. The other two cases exhibit features which should stand out 

against those from the ve background reaction. 

The x-distributions for the 8 GeV/c2 and 5 GeV/c2 M- with d-m transition, 

5 GeV/c' M- with d+t transition, and for the ve background reaction are all 

shown in Fig. 7. The x-distribution for reaction (2.7) has the standard form: at 

x=O it falls to approximately one-half its peak value; it peaks near x=O.25 and 

falls to zero at x=1. This same scaling distribution was used as input for 

the structure functions in the lepton production process. The visible x- 

distribution for the heavy lepton chain reaction (2.4) defined by 

xvis = (,J (2M$,ad) = EvisEe(l-cosee) / (MEhad) (2.10) 

is much more sharply peaked in the small x region. The peak is narrowest 

for the 5 GeV/c2 M- with d+t transition, and broader for the other two. In 

fact, for the 8 GeV/c2 Mm, the tail extends beyond x = 1. This can arise when 

the apparent q2 = q2is is larger than its allowed value. 

Turning to the y-distributions in Fig. 8, we note that for the ve 

reaction (2,7) the y-distribution is flat over nearly the full range (O,l), 

rolling off below y = 0.1 due to the electron momentum cut (2.8) imposed 

on the Monte Carlo calculation. The observed y-distribution defined by 

Y vis = %adrEvis (2.11) 

for the chain reaction (2.4) with an 8 GeV/c2 >f- mass is also relatively 

flat, but for a 5 GeV/c2 11-, the yvis - distribution rises rapidly as y+l- 
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This is especially true with a light-to-heavy quark transition, Hence 

with a reasonably light M- mass, one has the possibility of using the ob- 

served y-distributions to discern a heavy lepton signal from the ve 

reaction. 

1n a similar fashion one can use the v-distribution defined by 

" =X Y = 
vis vis vis Es(l-cos0s)/M (2.12) 

to distinguish a heavy lepton signal from background. Ne illustrate the 

v-distributions for the three heavy lepton cases and the ue reaction in 

Fig. 9. In the case of reaction (2.7), the v-distribution is broader than 

that expected for the heavy lepton process, but it may be difficult to 

discern the presence of both signals. 

Another variable of considerable interest illustrated by Fig. 10 

is the transverse momentum for the electron pU relative to the incident 

neutrino beam direction. In the case of the local current transition 

ve -+ e in (2.7). Pel peaks at zero but can be quite large with a long 

tail extending up to 150 GeV/c.For the nonlocal heavy lepton reaction, 

P el 
is also peaked at low values (1-2 GeV/c) but limited to values less 

than %?.5 GeVfc. This is one of the most significant differences that we 

have found. 

Two tests which can be used to discriminate between the heavy lepton 

process (2.4) and reactions (2.5) and (2.6) where the electron originates 

at the hadronic vertex are the distributions in z e = Ee/Ehad and 

e e had' the opening azimuthal angle between the electron and the hadron jet 

direction in a plane perpendicular to the neutrino beam direction. In Fig. 

we give the ze-distributions for the electron. In all cases it is peaked 

11 
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near z = 0. 
e 

For the heavy lepton reaction (2.4) and the Ve reaction, 

it extends out beyond a = 2 with a long tail up to 10 in most cases, In 

contrast, a 
e 

e is expected to fall below unity for electrons resulting from 

semileptonic decays at the hadron vertex. The azimuthal angle $e had 

correlation is shown in Fig. 12 for the heavy lepton reaction (2.4). In 

all three cases, $e had peaks at 180' but has a long tail extending down 

to o". The Ve reaction yields $e had = 180' uniquely, while an electron 

from the hadronic vertex is expected to peak at 0' with a tail extending 

toward 180'. 

As mentioned earlier, some Ve background is expected in the V beam 
v 

at the level of Q 0.5%. Therefore one will have to discriminate a Vi-N--+e- 

signal from the ve+e- background. The tests we have proposed above are 

the most sensitive ones we have found. We have also looked at the opening 

angle Be and the rapidity Ye but these are not very definitive. In con- 

cluding this Section, we emphasize that failure to observe a signal from 

the M- chain process in (2.4) does not disprove the existence of an M- heavy 

lepton but may signify that the II- can not couple directly to the Vu, e- 

and ;e as required in (2.3), 
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III. OPPOSITE SIGN DILEPTONS: p-e+ 

In this section we will discuss briefly the chain reaction 

L- 4-v + e+ (3.1) 
e 

leading to u--e+ dileptons. Major competition for the reaction comes from 

the production of charm* followed by its semileptonic decay 

x+ e++ve (3.2) 

while other processes include the possible single I+' lepton reaction 17 

v +N+M'+X 
!J 

1 + p- + v, i- e , (3.3) 

and associated charm production by the weak neutral current 

v 4-N ‘v 
11 IJ 

+Xc+X 

L 
c 1, f v--t< u (3.4) + x-k -f- v e 

For an 8 GeV/c2 IS- and a 4 GeV/c2 Lo, we have previously estimated 

branching ratios for the M- -f Lo + hadron and Lo -f ye+ ve + e' decay 

modes to be in the ranges of 20% - 30% and 10% - 15%, respectively. These 



13. 

numbers enable us to peg the (3.1) chain process at the level of 2% - 5% 

of the M production rate given in Sec. II. Taking the production ratios 

in Table I into account, the estimated rate for (3.1) is found to be in the 

range 0.02% - 0.5% of the observed rate for the ordinary vu + N + u-+X 

inclusive reaction. In contrast, one can readily estimate the rate for the 

chain process (3.2) at the level of ~1% - 2% of the vP+N+ p-+X process. 

The obvious conclusion to be drawn is that the (3.2) chain process will 

probably overwhelm the heavy lepton chain reaction (3.1), so this channel 

is not the best one to look for this signal - except in special kinematical 

regions o 

This situation is essentially identical to that encountered in 

-+ neutrino production of p p dimuons where most of the observed events can 

be understood in the charm framework.* Despite the flux spectra. difference 

between the double-horn beam us&d in the bubble chamber experiments and the 

quadrupole-triplet beam used in the counter experiments, we find that the flux 

averaged distributions for p e - + dilepton.events occurring through (3.1) are 

-+ 
so similar to those presented in Ref. 4 for the p p dimuon events that we do 

not reproduce them here. We simply note that the best place to maximize the 

heavy lepton signal for p-e+ events relative to the charm process is in the 

kinematic region where E -/E+ < 2. These so-called "symmetricw dileptons 
u e 

should be quite distinguished from events where the e + 
comes from the hadronic 
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IV. SAME SIGN DILEPTONS: p-e- 

Turning our attention to the same sign dilepton processes, we wish to 

distinguish the heavy lepton cascade reaction 

v' +N-+M-+X 

(4.1) 

from the single M” process 11 

Ye + N -+ Mo + % 
L x + e- + Ye 

Fi- + x 

(4.2) 

and from associated charm production by the charged current 
10 

vp + N -f p--c Xc + 

I 
x + e- + iYe 

I---+ hadrons (4.3) 

Note that the u e component of the neutrino beam can also induce e-p- events via 

associated charm production but the expected event rate is negligibly small 

since the ve flux relative to the v flux is less than 1%. 
lJ 

As cited in the Introduction, part of the advantage of studying the same 

sign dilepton events in a bubble chamber lies in the fact that for the u-e- 

events, one can hope to decide the leptonic versus hadronic origin of each 
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lepton. This should help to discriminate even better among the reactions 

(4.1) - (4.3) than one can do in the p-u- process. The product 

branching ratio for (3.1) was estimated in Ref. 4 to be 3% - 7.5%. Together 

with Table I, this places the p-e- production rate at the 0.03% - 1% level 

relative to the UP + N+P- + X inclusive reaction. Hence of the order 10 - 200 

events would be expected in a 100 K picture-taking run. 

Approximate average values of the energies can be calculated from the 

following considerations. In reaction (4.1) the M- takes approximately Z/3 

of the total energy and gives l/3 to each lepton (assuming the Lo mass is not 

too large, otherwise it takes more than l/3). Hence the average energy of the 

e- is l/9 that of the total while the p- receives > l/9. Actually the p- 

receives more energy than the e- for Lo masses in the range 2 - 4 GeV/c2. For 

the M" decay process we expect the e- to take 1, 1118 of the average energy 

while the P- takes approximately l/3. This means thatr = <E > /<E z--l 
e- IJ- 

for reaction (4.1) and r << 1 for reaction (4.2). However the associated 

production should also have r << 1 so this does not allow us to distinguish 

between reactions (4.2) and (4.3). 

In Fig. 13, we show the distributions of the electron, muon, hadron, and 

visible and total energies for the following choice of parameters: mM= 8 GeVfc', 
n 

FJ~ = 4 GeVfcL and both a d +u and d +t quark transition with V-A coupling at 

the hadronic vertex. The hadronic energy distribution at the Lo decay vertex 

has been defined in Ref. 4. Comparison of Fig. 13 with Fig. 21 of Ref. 4 

reveals that despite the very different flux spectra for the CBF and FEPR\i 

experiments, the hadron, visible and total energy distributions are quite 

similar. For the parameters chosen, the muon energy distribution is broader 

than the electron energy distribution. Both the electron and muon energy 

distributions exhibit greater breadths for the light-to-heavy quark transitions 

than for the light-to-light transitions since the threshold energy for (4.1) 
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is delayed: E th = 90 GeV compared to 42 GeV. Likewise, as cited in Ref. 4, 

the E had' Evis 'od Etot distributions are shifted somewhat higher. A scatter 

plot for the p 
P 

versus p, distribution applicable to the d+u transition is 

given in Fig. 14. Here again the harder muon spectrum is apparent. By way 

of contrast, in Fig. 15 we show the same energy distributions for masses 

"M = 5 GeV/c2 , "L= 2,Ge"/c2 and both a d -t u and d -f t qualktransition with 

V-A coupling. The energies taken by the leptons and hadrons are somewhat 

lower than in Fig. 13 since the threshold energies are lower: Eth = 18 GeV/c2 

for a 5 GeV/c2 M- with d + u transition and 53 GeV with a d + t transition. 

A scatter plot of 6 versus Be is given in Fig. 16 for the 8 GeV/c2 and 
P 

4 GeV/c2 mass combination of the heavy leptons and a d-tu quark transition. 

The angles are defined with respect to the beam direction. In this plot it 

is clear that the (faster on average) u- tends to COLTA? off at a smaller angle 

with respect to the beam direction than the (slower on average) e-. This same 

correlation was previously observed with respect to the same sign dimuon events. 

Similar results obtained for the other mass values and quark transitions. Like- 

wise it is found that the rapidity and p 
1. 

distributions are very similar to 

those presented in Ref. 4 for the dimuon events, if one identifies the 

muon and electron with the fast u-, and slow p-. respectively. The x . VI.6 

and y vis distributions are also similar to those for the dimuon events so 

we do not repeat them here. 

The azimuthal angle correlations between the muon and electron are pre- 

sented in Fig. 17 for both mass combinations (8,4) GeV/c2 and (5,2) GeV/c2 

of the M- and Lo heavy leptons with d-t u couplings. The solid 4 curves 

refer to the plane perpendicular to the beam direction, the dashed 0' curves 

refer to the plane perpendicular to the W direction determined by the outgoing 

muon and "visible energy" neutrino, and the dotted 0" curves refer to the 
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plane perpendicular to the W direction defined by using the sum of the muon 

and electron momenta and the "visible energy" neutrino. Just as in Ref. 4 

we find that the azimuthal angle becomes mme and more peaked near O" as one 

goes from C$to I$' to 4". This is one of the clearest signals associated with 

the lepton cascade phenomena. For an electron coming from the hadronic vertex 

as in reaction (4.2) or (4.3), one would expect $ to peaked at 180°, $' to 

be relatively flat, and +" to be slightly peaked near 0'. 
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V. TRILEPTON EVENTS: ppe, pee 

Three classes of trilepton events involving electrons can arise from 

the chain reactions 

v +N -ht.-+x 
!J 

1 Lo + u- + '; $ vtP+ - 
u 

1 

b p 

)I-+v +e+, i 
e 7 /L - 4. yt+e (5.la) 

v +N+M-+x 
P 

I * Lo + e- + U 

1 

e 

+ 
u- + V" + 11 , (5.lb) 

and 

(5.14 

if one considers only charged current couplings. Other multilepton events 

such as quadrilepton events can arise if a new quark flavor is produced at the 

hadron vertex which decays semileptonically into lighter quarks. Possible 

background reactions for the (5.1) signals involving only o~ne neutral heavy 

lepton are 11 

"u 
+N+M"+Xb 

1 

I + x + p- +; 
LJ 

!J- 
+ 

+ve+e , (5.24 
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vlJ 
+N +l”lO+ 

xb 

1 x+e-+l/ 
e 

L p- + vu + !-I+, (5.2b) 

and 

v,,+N +M”+ % 

I, x+e-+v e 

L p- + ve + e+ . (5.2~) 

when the quark transition at the hadron vertex is d-tb with the b flavored 

object decaying semileptonically. Perhaps the most conventional background 

arises from charged-current associated charm production: 10 

v 
P 

+ N + p- + xc + x; 

1 + x+ve+e , 

Yp + N + u- + xc + xc 
I 

L. 

L x+e-f G e’ 

x+v +u+ IJ 

(5.3a) 

(5.3b) 

and 



v 
IJ 

+ N + p- + Xc + XE 

(5.3c) 

where both charmed objects must decay semileptonically. 

The event rates for (5.1) have been estimated in Ref. 4 to be at the 

level of (l-20) x lo-4 of the single inclusive muon production. Reactions 

(5.2) and (5.3) would be expected to occur at roughly the same level, so one 

must distinguish the signals for each reaction by looking at the detailed 

distributions. In any case, trilepton events are expected to occur rarely 

in a bubble chamber and be difficult to identify due to the great variety of 

backgrounds. Since one can make use of the distributions presented in Ref. 4 

for trimuon events to a good approximation, we shall not present any new 

figures here. We simply point out that leptons coming from the hadron vertex 

via charm or other flavor decay should be noticeably softer on average than 

those arising from the decay of heavy leptons. 
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VI. CONCLUSIONS 

'~ + -- 
We have examined the production of single e- and dilepton 11-e ,u e events 

produced via heavy lepton decays. These events when identified in a bubble 

chamber have characteristic distributions which can confirm the heavy lepton 

cascade interpretation of the trimuon events. 

The rates for these processes have been calculated by folding in the flux 

spectrum used by the CBF experiment at Fermilab. 16 Since this spectrum is soft- 

er than the quadripole triplet spectrum used by the FHPRW group,L the event 

rates for the production of a heavy M- tend to be rather low. With a ctit on 

the beam energy of 10 GeV we expect o(M-)/a(~-;) to be 12% for a 5 GeV/c2 mass 

and a regular d + u quark transition. Increasing the mass to 8 GeV/c2 reduces 

this number to 3%. The effects due to changing the quark couplings and con- 

sidering d + c or d -f t transitions are given in Table 1. 

The distributions we have calculated for the single e- have been compared 

with electron signals from the background reaction ve f N -+ e- + X. Fortunately 

there are large differences between the spectra so that these processes can be 

separated. Our distributions for the p-e- are very similar to those previously 

computed for the like sign p-p- events, provided we identify the muon with the 

fast !l- and the electron with the slow p-. With enough events it should be 

possible to check our theoretical predictions for the spectra and subject the 

model to a careful test. We stress the importance of checking the azimuthal 

correlation between the projected e- and Y- vectors on a plane perpendicular to 

the neutrino beas direction. 

The rates for trilepton hue and pee events are so low that it will be dif- 

ficult to identify these channels in bubble chamber experiments due to the nun- 

erous possible backgrounds. We have not given any distributions for these decay 

modes. We expect them to be very similar to the distributions already presented 

for the u-p-u+ events. 
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TABLE CAPTION 

Table 1 - Flux ayeraged cross section ratios R" and ; 
R~ l The quark transitions 

are listed for the neutrino reactions. Regarding antineutrinos we 

chose u + d, u -+ b Cmb = mcl and u + b $, = mt) respectiyely.. 

TABLE 1 

Quark Coupling Mass 
Transition TYF- (GeV/c') 

d-tu 

d+t 

V-A 

ViA 

V-A 

V+A 

V-A 

V+A 

5 

8 

5 

8 

5 

8 

5 

a 

Y ; 
R R 

(E > 10 GeV) (E > 10 GeV) 

0.12 

0.03 

0.05 

0.01 

0.10 

0.02 

0.04 

0.009 

0.04 

0.009 

0.02 

0.004 

0.05 

0.007 

0.14 

0.02 

0.04 

0.005 

0.09 

0.01 

0.01 

0.001 

0.02 

0.003 
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FIGURE CAI'TIOI~S 

Fig. 1 Total cross section times flux curves for e;ll- - and M production by neutrinos 

from the double horn. The curves (a), (b), (c), (d), and (e) refer to II- 

production together with light quarks (V - A~ coupling), charmed quarks 

(V - A coupling), (V + A coupling) and heavy quarks (V - A coupling) 

0' + A coupling), respectively. 

Fig. 2 Same as Fig. 1 using antineutrinos from the double bon with plug. 

Fig. 3 Energy distributions for the e-, and hadronic energy Ehad, the visible 

E vis ' and the total energy Etot, all flux averaged with the neutrino 

spectrum. The mass of M- is 8 GeV/c2. 

Fig. 4 Same as Fig. 3 with a 5 GeV/c2 M- mass. 

Fig. 5 Same as Fig. 3 with a 5 GeV/c2 M- mass and a d --t t quark transition. 

Fig. 6 Same as Fig. 3 for the background reaction ve + N + e- + X. 

Fig. 7 The distributions in xvis for reaction (2.4) (solid lines), reaction 

(2.7) (dot - dashed line). 

Fig. 8 The distributionsin yvis for reaction (2.4) (solid lines), reaction (2.7) 

(dot - dashed line). 

Fig. 9 The distributions in vvis for reactions (2.4) and (2.7). The 

notation is the same as in Figs. 1 and 8. 

Fig.10 The distribution in tranverse momentum relative t0 neutrino beam. 

Fig.11 The distribution in z = Ee/Ehad. 
e 

Fig.12 The distribution inqe iad the azimuthal angle~between the electron and 
, 

hadronic shower. 

Fig.13 energy distributions for the e- and P-, the hadronic energy Ehad, the 

visible energy Evis, and the total energy Etot. Theaolid cxves refer 

to a d -f u transition at the hadronic vertex, w‘nile the dashed curves 

refer to a d -f t transition. 
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Fig.14 Scatter plot of p 
u 

versus p,. 

Fig.15 Energy distributions for masses y, = 5 GeV/c2 and "L = 2 GeV/c2 for a 

d + u transition at the hadronic vertex (solid lines) and e d + t trans- 

ition (dashed lines). The notation is the same as in Fig. 13. 

Fig.16 Scatter plot of 0 versus Be. P 

Fig.17 The spectra in the azimuthal opening angles 9, $', and $" between the 

electron and muon vectors. 
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